This study shows that the masticatory movement of the mandibular incisal point during mastication of softened chewing gum remains almost constant over about ten cycles after the initial few cycles.
Introduction
During mastication, a rhythmical pattern is maintained by the pattern generator in the brain stem. 1 Regulation of this movement is also derived on the basis of feedback information from the periphery, such as the teeth, masticatory muscles, and temporomandibular joints. [2] [3] [4] [5] Therefore, objective evaluation of mastication might be helpful in the evaluation or diagnosis of disorders of the peripheral structures, including functional problems related to these structures. Based on such expectations, analyses of the spatial and temporal parameters during mastication have been attempted which demonstrate that while healthy subjects show regular and stable movements, subjects with malocclusion or temporomandibular disorders exhibit irregular and unstable movements. [6] [7] [8] [9] [10] Mastication may be affected both by exogenous [3] [4] [5] 11 and endogenous factors, 7, 8, [12] [13] [14] [15] [16] and can vary even among healthy subjects. Therefore, when evaluating mastication, it is necessary to minimize the inter-individual and intra-individual variations arising from these factors. We previously reported that when comparing the masticatory movement of free side chewing with unilateral chewing during mastication of foods with varying properties, the inter-individual variations were minimal during mastication of softened chewing gum on the habitual side. 17 Although intra-individual variations in the stability of masticatory movement have been examined, 18 intra-individual variations in the masticatory path, such as the gape and masticatory width, have never been evaluated.
Therefore this study was undertaken to clarify the section in masticatory movement in which the intra-individual variations would be minimal during mastication of softened chewing gum. To this end, spatial and temporal parameters of the mandibular incisal point were quantitatively analyzed for 10 consecutive cycles of mastication in healthy subjects.
Materials and Methods

Subjects and test food
Twenty healthy subjects (10 males and 10 females; mean age 28.6 years) between 21 and 44 years of age were selected. Informed consent was obtained, after the general nature of the study had been explained to the subjects. None of the subjects had clinical abnormalities in the masticatory system. The following selection criteria were applied: no complaints about their bite, a full complement of teeth excluding third molars, no major dental restorations, and no orthodontic treatment received. 
Recording and analyzing method
The subjects were seated comfortably in a chair so that their Frankfort horizontal plane was parallel to the floor. The movement of the mandibular incisal point during mastication of the test food for 20 seconds on the habitual chewing side was recorded by Mandibular Kinesiograph (MKG K-6I, Myotronics, Seattle, WA, USA).
For 20 cycles from the 1st cycle to the 20th cycle, the spatial parameters (gape and masticatory width) and temporal parameter (cycle time) were calculated ( Fig. 1 , Table 1 ), and the changes in these parameters were evaluated. Then the 20 cycles of mastication were classified into 11 series of 10 consecutive cycles; the 1st series being the 1st to the 10th cycles, the 2nd series being the 2nd to the 11th cycle, and so on. The coefficients of variation of the spatial and temporal parameters for each series were calculated and were compared among the series. All the data were analyzed with statistical software (SPSS for Windows 10.0J, SPSS, Chicago, IL, USA). The changes in the spatial and temporal parameters were evaluated using repeated-measures analysis of variance. When significant effects were identified among the series by analysis of variance, Bonferroni's multiple comparison test was performed. All statistical analyses were performed with the significance set at the 0.05 and 0.01 probability levels.
Results
The gape, masticatory width, and cycle time were maximal at the first cycle of mastication. They decreased progressively until the fourth or fifth cycle, and remained almost unchanged thereafter until the 20th cycle (gape: F = 8.02, p < 0.01; masticatory width: F = 11.19, p < 0.01; cycle time: F = 30.86, p < 0.01). The coefficients of variation for the gape, masticatory width, and cycle time were maximal during the first series. They decreased progres- sively until the fourth to sixth series, and tended to increase gradually thereafter. Minimal coefficients of variation were observed during the fifth and sixth series for the gape, during the fifth series for the width, and during the fourth series for the cycle time (Table 2 ). Significant differences were noted between series 5-6 and series 1, 2, 10, and also 11 in the gape, between series 5 and series 1-3, 10 and also 11 in the width, and between series 4 and series 1, 2, and also 11 in the cycle time.
Discussion
It is known that food becomes softer and less bulky during mastication, 2, 5, 19 and that masticatory movements can vary depending on differences in the properties of the food. With regard to the changes in the initial masticatory movements after the start of mastication, Jemt et al 20 investigated the gape and cycle time for the first 16 cycles of mastication of bread in healthy subjects. They reported that the cycle time became markedly shorter until the fourth or fifth cycle, and that it remained constant thereafter until the 12th cycle, followed by a tendency toward decrease from the 12th cycle onward. Similar findings have also been reported by some other investigators, including a report that the number of cycles needed until stabilization of masticatory movements tended to be greater for foods that are difficult to chew. 2, 21 In this study, softened chewing gum, that shows little change in size or hardness during mastication, was used as the test food. All of the parameters examined, namely, the gape, masticatory width, and cycle time were maximal during the first cycle and decreased progressively thereafter until the fourth or fifth cycle, followed by maintenance at an approximately constant level until the 20th cycle. These results were consistent with previous reports. Therefore it may be possible to say that irrespective of the properties of the food, masticatory movements are most pronounced during the first cycle and decrease progressively during the subsequent cycles, followed by maintenance at an approximately constant level. Furthermore, considering that several cycles were required until stabilization of the masticatory movements and that a greater number of cycles were needed until stabilization of mastication of foods that are difficult to chew, we may say that the first several cycles of mastication determine the nature of the subsequent masticatory movements.
For each of the consecutive 10 cycles (first to eleventh series) the coefficients of variation of the spatial and temporal parameters were minimal during the fourth to sixth series, and there were significant differences between series 4-6 (during which the values were minimal) and series 1-3 and also 10-11. These results indicate that the mastica- tory movements varied between the initial cycles and the latter cycles of the 20-cycle period. On the other hand, the coefficients did not differ significantly between series 4-6 and series 4-9. This provides objective evidence for the view that masticatory movements remain almost constant for around a little over 10 cycles after the initial several cycles. The presence of such a constant section of masticatory movement is possibly attributable to the basic masticatory rhythm formed primarily by the pattern generator in the brain stem. 1 This rhythm appears to allow mastication to be performed unconsciously in a stable manner, once the rhythm has been established. The finding of a change after the stable cycle period (a little over 10 cycles) may suggest that pooling of saliva causes changes in the feedback signals from the periphery over time, resulting in the regulation of masticatory movements by the central nervous system, which then plays a role in the regulation. Another possible view is that the unconsciously stable mastication can be continued for only around 10 cycles, and that conscious elements are added during the course of mastication, which result in feedback effects on the movements. Further studies would be useful to resolve these questions.
In this study, the masticatory movements during mastication of softened chewing gum stabilized over six series (fourth to ninth), during which the coefficients of variation of the spatial and temporal parameters showed no significant differences from those obtained in the series during which the coefficients were minimal. These series may be recommendable as sections of mastication showing minimal intra-individual variations. Among others, the fourth to sixth series, during which the coefficients of variation were minimal, may be viewed as optimal sections for the evaluation of masticatory movements during mastication of softened chewing gum.
Conclusion
The intra-individual variations in masticatory movement during mastication of softened chewing gum are minimal during the fourth through the sixth series, i.e., during the ten cycles following the fourth to the sixth cycle of mastication.
